Crawl Space Houses by Jones, Rudard A.

CRAWL-SPACE CONSTRUCTION 
Many basementless houses are built over a crawl space- that is, the grade-level floor is over an exca-
vation which is deep enough to allow a man to gain access to the underfloor by crawling. (At least three 
feet is desirable.) 
Repair and modernization problems are simpler in a crawl-
space house than in a house with slab floor laid on the ground. 
Dampness within a crawl space can usually be avoided if the 
lot is graded correctly and a moisture control device, such as 
ground cover, is used. 
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Most commonly, the exterior walls of the house 
and the outer edges of the floor rest on a foundation 
wall extending around the house. Sometimes, how-
ever, the exterior walls and the floor are supported 
by beams which rest on piers around the edge of the 
house. In such construction, a non-loadbearing cur-
tain wall usually encloses the crawl-space excavation. 
Interior floor supports generally are wood or 
steel girders which rest on masonry or concrete 
piers, but the supports can be loadbearing walls. 
Floors are usually of wood and of joist construc-
tion; however, concrete, masonry materials, metal, 
or a combination of these materials can also be used. 
Normally, the crawl space contains only plumb-
ing pipes, heating ducts or pipes, and electrical wir-
ing. It can also serve 1) as a plenum for a warm-air 
heating system, and 2) if it is deep enough, as a 
dead storage area. In both cases, a concrete floor in 
the crawl space is desirable. 
Because the crawl space permits access to the 
underfloor and to the underfloor utility connections, 
repair and modernization problems are simpler than 
in basementless houses of slab-floor construction. 
Crawl-space houses should, and can, be con-
structed so that: 1) they are free from problems of 
moisture, 2) they resist termite attack, and 3) the 
floor and rooms above the crawl space can be kept 
at comfortable temperatures. 
DRY CRAWL SPACES 
Excessive moisture within a house can result from 
dampness in a crawl space due to improper grad-
ing of the lot for drainage or due to the omission of 
moisture control devices, such as ground cover, 
vapor barrier and ventilation openings. An uncor-
rected moisture problem can cause decay of wood 
and eventually structural failure of the house. 
Obvious symptoms of excessive moisture passing 
upward through the floors and walls include musty 
odor, mold on the walls near the floor and in 
corners, moisture condensation on the windows or 
in the attic, moisture in the walls with resultant 
paint peeling. Within the crawl space, excessive 
moisture may be indicated by fruiting bodies (toad-
stools or furry mats) on lumber, damp earth, mold 
on the ground, damp foundation walls, condensation. 
Sometimes there are no visible symptoms. 
The only satisfactory way of avoiding moisture 
problems is to prevent moisture (vapor and liquid) 
from entering the crawl space. 
Moisture in the crawl space can be due to: 
• High ground-water level in the area. 
• Surface water. 
• Capillary rise of ground moisture. 
• Moisture from the house. 
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SOURCE OF MOISTURE 
Ground water 
Sometimes the level of the water in the 
ground (water table) is raised above the 
bottom surface of the crawl space due to: 
1. Heavy or prolonged rains. 
2. A spring which appears only in wet 
seasons and is not discovered when the 
house is built. 
3. An overlooked farm drain tile. 
This water may stand in the crawl space. 
Surface water 
Rain water on ground or from roof passes 
through, or under, the foundation walls. 
In some areas, heavy soils may retain sur-
face drainage and cause water pressure 
against the walls of the crawl space. (See 
recommendations #3 and #4.) 
Capillary rise of ground moisture 
Moisture travels upward from lower layers 
of certain soils by capillary action (as 
much as 18 gallons per day have been 
noted under a 1,000 square-foot house) 
and evaporates within the crawl space. 
Capillary rise occurs in nearly all crawl 
spaces built in areas where the soil is clay 
or silt. Such moisture is present even 
though the ground in the crawl space may 
seem dry and dusty. 
CONSTRUCTION TO ELIMINATE MOISTURE DIFFICULTIES 
Crawl-space construction is not recommended if ground-water level in 
an area is so high that it can Hood the crawl space periodically. 
Where a spring or a farm drain tile is discovered after construction, 
or where unexpected flooding occurs: 
1. Detour the farm field tile around the house and/or 
2. Install drainage collector lines within the crawl space. Grade the 
bottom of the crawl space so that any water will drain to the tile. 
Cover the crawl-space area with coarse, washed gravel (fine gravel 
or sand tends to block the tile). 
Costs and installation problems make impractical the use of other 
methods of control, such as a membrane waterproofing system. 
Surface drainage problems usually occur because the floor of the crawl 
space is 2 to 3 feet below finished grade.* To avoid such problems: 
1. Grade the lot so that drainage is away from the house and no 
water is allowed to stand on the site. Minimum grading specifica-
tions, listed below, will suffice for most surface drainage conditions: 
• Slope of the grade should be at least 6 inches in 25 feet. 
• The ground should fall at least 6 inches on all sides of the house. 
• Slope should extend at least 10 feet except where side yards are 
narrower. 
2. Use wide overhangs and/or gutters and downspouts. (Do not 
connect downspouts to footing drains.) 
As special precautions: 
3. Install a footing drain of field tile with open joints. 
4. Waterproof the outside of the walls with a bituminous coating. 
Masonry walls. should have a V2-inch coat of mortar applied first. 
Moisture from capillary rise can be kept out of the crawl space: 
1. By using a vapor-harrier type of ground cover which is not sus-
ceptible to damage by fungi- i.e., polyethylene film, 4 or 6 mils 
thick.** Grade and smooth the ground before installing the ground 
cover. Turn up ground cover 4 to 6 inches on the walls of the 
crawl space. Hold polyethylene in p1ace against the walls with sand 
or bricks. Where more than one piece of polyethylene is needed, 
lap the edges 4 to 6 inches- sealing is not necessary. (Use of wide 
rolls of ground cover reduces the number of edge joints.) 
To determine whether there is capillary rise on a site, place a square yard of vapor-barrier material on the ground 
and weight down the edges to prevent escape of moisture. If there is moisture, it will collect under the vapor barrier 
within a few days. 
Moisture from th~ house 
Theoretically, in a cold open crawl space 
(page 4), excessive moisture from the 
house may travel downward through the 
floor into the crawl space. The moisture 
may condense on walls or floor of the crawl 
space if they are cold. 
To prevent downward flow of moisture into an open crawl space: 
1. Install a vapor barrier above the floor insulation- either 
directly above it, or between the subfloor and the finish flooring. 
Ventilation 
Before the effectiveness of ground cover was proven, large ventilation openings were required in the foundation wall 
to allow moisture to escape from the crawl space. With the use of ground cover which prevents moisture rise from the 
ground into the crawl space, a minimum amount of ventilationt is needed. Provide at least four corrosion-resistant 
foundation vents which can be closed during the heating season. Four 8-" x 16" units will satisfactorily vent a house up 
to 1,400 square feet- install an additional vent for each additional 350 square feet. (Screen the vents with 8 x 8 
corrosion-resistant mesh- 64 openings per square inch- to keep out insects.) 
J 
• No surface drainage problem will occur if the ground level of the crawl space is higher than the ground outside; however, because 
this design raises the house a number of feet above grade with a resulting awkward appearance, it is not commonly used. 
•• Roll roofing, weighing 55 pounds per 108 square feet, is a good vapor barrier, but it is subject to deterioration from fungi. 
t FHA regulation: A minimum of two vents, giving a total free area of ventilation equivalent to 1/1500 of the crawl-space area, is 
required when ground cover is used. Without ground cover, ten times as much ventilation area is required. 
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WARM FLOORS OVER CRAWL SPACES 
To achieve warm floors in a crawl-space house, 
either 1) insulate the floor above an open crawl 
space, or 2) insulate the exterior walls of a closed 
crawl space. 
Open Crawl Spaces 
Open crawl spaces are those which are ventilated to 
such an extent that the temperature within the crawl 
space approaches that of the outside air. In cold 
areas, it is necessary to insulate water pipes in such 
crawl spaces to protect against freezing, heating 
pipes or ducts to prevent excessive heat loss, and 
floors to make them comfortable. 
RECOMMENDATIONS FbR RESISTANCE* 
OF FLOOR INSULATION 
The table below shows the minimum amount of insula-
tion required to maintain the surface temperature of 
a hardwood floor over a plywood subfloor** at 65 o F. 
(the minimum temperature recommended for comfort) 
or higher. These insulation requirements will also limit 
heat loss through the floor to 5.5 British thermal units 
per hour ( Btuh) per square foot. 
Outside Design 
Temperaturet 
Resistance of 
Insulation 
--30° ____________________________ 13.26 
--20°----------------------------11.42 
--1 0°---------------------------- 9.58 0° ____________________________ 7.74 
10° ____________________________ 5.90 
20 ° ____________________________ 4.06 
30°---------------------------- 2.22 
The resistances below will serve as a guide in select-
ing materials to achieve the amounts of insulation rec-
ommended in the table. The values given include the 
effect . of any air spaces formed and also the reflective 
insulation qualities of the different materials. 
Type and Amount of Insulation 
4" blanket or batt insulation between 
joists with air space above. 
2" blanket or batt insulation between 
joists and with air space above. 
1 layer of reflective foil 
bright on both sides, fastened to 
bottom of joists. 
I layer of reflective foil as 
above, plus additional layer, 
bright on both sides, placed 4 
inches above first layer. 
I layer 25/32" fiberboard sheath-
ing nailed to bottom of joists. 
Resistance 
16.03 
8.63 
12.57 
21.51 
3.29 
• Resistance equals 1/C where "C" is equivalent to the thermal 
conductivity of the insulating material (expressed in Btuh 
per square foot per Fahrenheit degree temperature difference). 
•• Denser flooring materials, such as asphalt, vinyl and ceramic 
tile, require slightly more insulation. 
t Approximates the average annual minimum temperature. Ob-
tain this from your heating contractor or weatherman. 
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Heated living space 
OPEN CRAWL SPACE 
Because of moisture conditions, foundation vents in some crawl 
spaces must be kept open the year-round. 
FLEXIBLE INSULATION FOR FLOORS 
Flexible insulation, installed in the space between the joists 
underneath the floor, should be supported by hardware cloth, 
wire netting, or a sheet material fastened to the bottom edge 
of the joists. 
REFLECTIVE FOIL INSULATION FOR FLOORS 
Reflective foil insulations are effective in insulating floors above 
open crawl spaces against downward heat loss. 
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Closed Crawl Spaces 
The moisture control provided by ground cover is 
so effective that crawl-space ventilators can usually 
be kept closed during the heating season. This 
"closed" crawl-space construction is recommended 
except under severe moisture conditions since it 
provides maximum floor comfort with a minimum 
expenditure for insulation. Insulation around water 
pipes and heat ducts and pipes is not needed; 
furthermore, a closed crawl space can also serve as 
the plenum for a warm-air heating system. 
If the temperature of the crawl space can be 
maintained at 70° F., the surface temperatures of 
the floors in the rooms above will also be a com-
fortable 70° F. Heat from uninsulated warm-air 
ducts or hot-water heating pipes can often keep a 
well-insulated, closed crawl space near the 70° F. 
level. Sometimes, however, additional heat may 
have to be introduced into the space. 
The walls enclosing the crawl space must be 
insulated to reduce heat loss and to help maintain 
the temperature of the crawl space at 70° F. 
(Heat loss to the ground through the earth floor 
of a crawl space is small.) To accomplish this: 
• The box-sill headers and the end joists of 
the floor must be insulated, preferably with 
a flexible-type insulation (batt or blanket) 
which has a vapor barrier on one side. 
The vapor barrier should face the interior 
of the crawl space. 
• For the exterior walls, insulation in sheet 
or block form is most easily applied. Tem-
pered nails or an adhesive mastic are sug-
gested. Insulation should be of a type not 
affected by termites or dampness. If it is 
not vaporproof, a vapor barrier should be 
installed on the inside face of the insula-
tion since moisture condensation is other-
wise likely to occur between the insulation 
and the wall, or within the wall cavity. 
Heated living space 
CLOSED CRAWL SPACE 
A closed crawl space is one that can be heated. Use of a 
ground cover is essential for this type of crawl space. 
HEATING SYSTEMS 
Heating systems which supply heat near the floor 
along the exterior walls of the house are very effec-
tive for a crawl-space house since they eliminate or 
reduce uncomfortable drafts along the floor. For 
this reason, perimeter heating or baseboard heating 
is recommended. Floor-panel heating systems are 
not as readily adaptable; they should not be used 
with wood floor construction, or where a floor cov-
ering of wood, cork or carpeting is to be installed. 
In a warm-air perimeter system, the heat can be 
distributed 1) through ducts in the crawl space, or 
2) by using the crawl space, if it is closed, as a 
plenum. 
When a closed crawl space is used as a plenum, 
the temperature in the space will approach 100° F. 
See the table below for recommendations for wall 
insulation. Insulation and ground cover selected for 
a plenum-type crawl space should be fire-resistant. 
To reduce dust, a floor in the crawl space is 
necessary. 
RECOMMENDATIONS FOR RESISTANCE OF FOUNDATION-WALL INSULATION 
The recommended minimum insulation shown in the 
table will limit the heat loss to 50 Btuh per lineal foot 
of wall around the crawl space or, if the house is of 
average proportions, approximately 6.5 Btuh per square 
foot of the floor area of the house. These insulation 
standards are based on economy since, with a warm 
crawl space, floor comfort is no problem. The more 
thoroughly a wall is insulated, the lower is the heat loss 
and the greater is the fuel saving. 
Recommendations are for a crawl space which is 
3 feet deep, and which is enclosed with a concrete block 
wall that is 8 inches thick. The box-sill construction is 
insulated with a 2-inch corner pack, and the founda-
tion wall with sheet or block insulation 3 feet high. If 
more that 12 inches of the foundation wall is exposed 
above grade, additional insulation is recommended. 
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Resistance* of Insulation 
Outside Design 
Temperature* 
For Closed For Crawl Space 
Crawl Space as Plenum 
-30° 5.03 7.61 
-20° 4.25 6.74 
-10° 3.45 5.85 
0° 2.71 5.03 
10° 1.98 4.25 
20° 1.27 3.45 
30° .59 2.71 
In selecting materials to achieve the insulation rec-
m;nmended for crawl-space walls, the following resist-
ances will serve as a guide in determining the necessary 
thickness of insulation: 
1 " glass fiberboard = 4.0 
3f4" fiberboard sheathing (treated) = 2.06 
1" cellular glass block = 2.50 
1 " foamed plastic = 3.45 
Example: If the required total resistance of wall insula-
tion is 6, you may select 1 Y2 inches of glass fiberboard, 
or three thicknesses of fiberboard sheathing, etc. 
• See footnotes, page 4. 
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CONSTRUCTION DETAILS 
The minimum depth of the crawl space should be 2 feet under the floor joists or 18 inches under the girder. 
Two types of crawl-space construction for houses are presented on this page: 1) foundation-wall construction 
for a closed crawl space (illustrated), and 2) pier construction. 
Foundation-wall Construction 
Pier Construction 
Where the outside walls and the outer edge of the 
floor of a house rest upon a beam supported by 
piers, the crawl space is usually enclosed by non-
loadbearing (curtain) walls placed between the 
piers. (In some instances, the curtain wall may 
support the masonry veneer walls above it.) 
The footing for the curtain wall should be 
poured integrally with the footings of the piers, un-
less the bottom section of the curtain wall is rein-
forced to span between piers. 
Common size limitations for pier construction 
are given below: 
Minimum 
Piers Dimensions Limit on Height 
Concrete 8" diameter 10 times the least 
dimension 
Solid Masonry 8" X 12" 10 times the least 
dimension 
Hollow Masonry: 8" X 16" 4 times the least 
dimension 
Curtain Walls 
Concrete 4" 14 times thickness* 
Solid Masonry 4" 14 times thickness* 
Hollow Masonry: 4" 10 times thickness* 
• Unbalanced fill against a 4~inch curtain wall should not be 
higher than 2 feet. 
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KEY TO ILLUSTRATION 
A - Poured concrete continuous wall footing either 
12" x 6" or 16" x 8", preferably with two round, ~-inch 
steel reinforcing rods. 
Size of footing depends on bearing value of soil. 
Footings specified above are suitable for most 
conditions. 
B- For frame houses, 8-inch masonry wall or 6-inch 
poured concrete wall. (Check local building code.) 
Where the exterior walls to be supported by the 
foundation are thicker (as in an 8" solid brick 
house), the foundation wall must be correspond-
ingly thicker. 
Foundation wall should extend at least 8 inches above 
grade and remain exposed at least 6 inches. 
C - Hollow-masonry foundation wall must be capped 
with 1) a course of solid masonry, or 2) a 4" poured 
concrete cap reinforced by # 14 wire mesh 2" x 2". 
D- Ground cover 
E - Metal termite shield 
Use corrosion-resistant metal which is stiff 
enough to retain the form shown - 26-gauge 
galvanized iron or 16-ounce copper. Where 
anchor bolts penetrate the shield, the area 
should be well-sealed with coal-tar pitch or tight 
lead washers. 
F - Sealer for the sill plate 
Use material similar to expansion joint. 
G - Sill plate 2" x 6", anchored with ~" bolts, 8 feet on 
center - minimum of two bolts to each piece of sill. 
Lumber that is pressure-treated with preserva-
tive is recommended for sill plate 1 ) to prevent 
decay in lumber likely to be caused by condensa-
tion, and 2) to discourage termites. 
H - Header of box sill 
1- Joists 
J- Foundation-wall insulation 
K - Corner-pack insulation 
L -Vapor barrier 
TERMITE CONTROL 
Periodic inspection for termites is a fundamental of 
termite control. Termites will not attack lumber 
pressure-treated with a toxic preservative,* but they 
will pass over a sill of treated lumber to reach un-
treated wood. Metal shields are also effective in 
forcing termites out into the open. 
Poured concrete or masonry foundation walls 
are not effective barriers because they are likely to 
develop fine cracks through which termites can 
pass. (Termites pass through openings as small as 
1/64 inch.) 
• See Small Homes Council circular 07.0, Selecting lumber. 
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